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Abstract 
The wear rate of a cutting tool mainly affects its life. So it is important for tool manufacturers to think about different techniques 
to reduce tool wear rate, which in turn helps to increase its life span. This paper proposes an efficient design of an array of micro 
grooves useful for the deposition of alternate hard and soft nanocoatings which will help to characterize and analyze wear zones 
of WC inserts. The proposed design of the grooves on tool inserts helps to deposit various nanocoatings which act as a 
lubricating medium and helps the tool to reduce friction and wear. Grooves were designed based on the chip flow path. Electro 
discharge machining (EDM) was used for the formation of grooves on the rake face of WC inserts. The authors made an attempt 
to design efficient and generalized groove pattern to deposit hard and soft alternative nanocoatings on the rake face of the cutting 
tool. Authors are also suggested that the method proposed in this paper can concentrate on the identified zones instead of 
depositing the nanocoatings over the entire rake face. This in turn reduces the wastage of Nanomaterial deposited on the tool and 
also makes optimum rake face utilization. PVD technique is used to deposit alternate soft and hard nanocoatings in the grooves.  
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1. Introduction 
In recent days most of the cutting operations emphasized for dry machining. But still some of the cutting 
operations are not possible without coolants. Cutting fluids are useful to reduce friction, cutting forces and tool tip 
temperatures when two surfaces, the tool and work piece comes into contact during machining. The use of cutting 
fluids improves tool life and also helps to clean the debris formed on the surface of the cutting tool during 
machining. Cutting fluids are difficult to dispose and also creates a negative impact on the environment. Hence it is 
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better to do dry machining instead of using cutting fluids. Plain Tungsten carbide inserts were used to cut grooves on 
the rake face using EDM. These grooves will be helpful for easy deposition of an array of alternate hard and soft 
nanocoatings and also has the capability to act as a self lubricated cutting tool during machining. Tungsten carbide 
tool inserts are used to cut grooves for machining of 1040 steel. Carbide tools can also withstand higher temperatures 
than standard high speed steel tools. Electro discharge machining is a non-conventional machining process used for 
the machining of electrically conductive materials. It is well suitable for the creation of micro scaled features on the 
surfaces. It is filled with SAE graded oil, which helps to flush the debris formed during operation. Copper is selected 
as a tool material in EDM process. (Prasad et al., 2013) proposed different orientations of grooves on the rake face of 
the design of monolayer multi striped nanocoatings. (Sam Zhang et al.,2003) identified that among all deposition 
techniques, reactive magnetron sputtering is most commonly used technique. Nanocomposite coating design 
methodology and synthesis are described with emphasis on the magnetron sputtering deposition technique. (Panich 
et al.,2008) studied the development of the use of the interlayer of different materials for TiB2 coatings with 
increased adhesion to the substrate and retained high hardness. Ti and Cr were deposited on stationary high speed 
steel and silicon wafer substrates by magnetron sputtering as an interlayer material. (Mubarak et al.,2005)suggested 
that use of hard and wear resistant PVD coatings on cutting tools is now widespread in global manufacturing for 
reducing production cost and improving productivity. (Settineri et al.,2008) applied TiN+AlTiN, TiN+AlTiN+MoS2 
and CrN+CrN: C+C nanocoatings using a PVD technique. 
2. Selection of Electrode Material for Sinker EDM 
Selection of most appropriate Sinker EDM electrode material is a key decision in the process plan for any Sinker 
EDM job. With the development of the transistorized, pulse-type power supplies, Electrolytic (or pure) Copper 
became the metallic electrode material of choice. This is because the combination of copper and certain power 
supply settings enables low wear burning. Also, copper is compatible with the polishing circuits of certain advanced 
power supplies. Copper clearly distinguishes itself as a superior electrode material which gives a better surface 
finish than aluminium in all cases of current and pulse in time. (Baljinder singh et al.,2012) selected properties of 
copper selected for electrode preparation is shown in Table 1. 
Table1. Properties of copper 
Property Value 
Density (g/cm3) 8.96 
Yield strength (N/mm2) 
Thermal Conductivity( W/m0C)                             
65 
394 
Electrical Resistivity at 200C (Ω m) 
Specific heat (J/Kgs)                                               
1.673x10-8 
383 
3. Electrode Design and Manufacturing    
Design details of electrode depend on the dimensions of Tungsten carbide tool bit. Fig 1. Show design details of 
electrode. WEDM is used to manufacture copper electrodes for sinker EDM.  
4. Grooves Design on WC cutting tools 
Grooves are designed based on the consolidated chip flow path as shown in Fig. 2. (Prasad et al.,2010) identified 
chip flow path by conducting various machining conditions on plain Tungsten carbide inserts. It was suggested to 
plan for alternate hard and soft nanocoatings as per the identified zones. The groove pattern is shown in Fig. 3.  
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Fig. 1. Design details of Electrode.                                                                  Fig. 2. WC cutting tool with the consolidated chip flow path [7]    
 
 
 
 
 
 
 
 
 
 
Fig. 3. Groove pattern on WC inserts 
5. Preparation of Grooves using sinker EDM 
A commercially available micro EDM (Electronica-Smart ZNC) with SAE40 as dielectric fluid was used in this 
study. The machining parameters are shown in the Table 2. The work piece and tool arrangement, electrode used 
and groove pattern on the WC insert cut using sinker EDM is shown in the Fig. 4.  
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Table 2. Machining parameters of sinker EDM 
Pulse Generator                              Relaxation type 
Tool electrode material                  Copper  
Polarity                                           Work piece is anode and Tool     
                                                        Electrode is cathode 
Dielectric Fluid used                      SAE 40 oil      
Work piece material                       Tungsten          
                                                        Carbide  
                                                        inserts 
 
  
 
 
 
Fig. 4. a) Sinker EDM b) Copper electrode used c) Tool and work piece arrangement d) pattern of grooves cut on WC inserts 
6. Deposition of Nanocoatings in the grooves 
Instead of selecting multi-layer nanocoatings, these micro grooves will help researchers to deposit alternate hard 
and soft mono layered coating on the rake face of Tungsten carbide inserts as shown in Fig 5. Nano layered coatings 
can be done by using Sputtering or PVD techniques. These techniques will be helpful to deposit coatings in the 
grooves at the nano level with good adhesion as it was successfully tested by many researchers.  Individual 
performance of hard and soft nanocoatings can analyze by machining 1040 steel with the suggested coated cutting 
tools.  
7. Thin Film Deposition Techniques- Physical Vapor Deposition Technique 
In MEMS processing thin film deposition plays an important role. Among all types, physical vapor deposition 
technique covers a number of deposition techniques in which material released from a source transferred to the 
substrate. The two most important techniques are sputtering and Evaporation. Schematic arrangement of the target 
and WC cutting tools is shown in Fig. 6.   
      Fig. 7. Shows box type coating & control units model BC-600 used to deposit nanomaterial in the grooves. 
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Alternate mono layer TiO, CaF, Al coatings are deposited in the grooves. The arrangement of these coatings is 
shown in Fig.8.  
      During a turning process first layer of nanocoatings comes into contact with the work piece. It is possible for 
researchers to clearly understand individual performance of hard and soft coatings which are deposited in the 
grooves.  
 
 
 
 
Fig. 5. Grooves with Hard and Soft Nanocoatings    
8. Conclusions 
Present study concludes that EDM is an appropriate non conventional machining process to create micro scaled 
features. The idea suggested in this paper will help researchers to go for nanocoatings on the specified zones of the 
rake face of the cutting tool. The method shows a better way to deposit materials in the grooves to have good 
adhesion property. The technique shown in this work to deposit alternate soft and hard nanocoatings in the grooves 
on the rake of cutting tools is easy and economical.  PVD technique is suitable for depositing nanomaterials in the 
grooves.  Later these coated WC tools can be used in a turning operation to check the individual performance of 
nanocoatings.  
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      Fig. 6. Physical Vapor deposition Process 
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Fig . 7. Box- Type PVD Unit with Target  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. WC Tool with three Alternate Mon Layered coatings  
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List of Abbreviations used 
EDM: Electrical Discharge Machining 
WEDM: Wire Electrical Discharge Machining 
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 CaF 
 Al 
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PVD: Physical Vapor Deposition Technique 
WC: Tungsten Carbide Cutting Tool Inserts 
ZNC: Numerically Controlled Machine with Tool in the Z-direction 
SAE 40: Oil Grade given by Society of Automotive Engineers 
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